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I. 

I n  t h e  United S t a t e s ,  t he re  a r e  only f i v e  l a rge - t e l e scope  coude- 
sGcc-ci-ograph combinations sui- table  f o r  r e sea rch  on t h e  p l a n e t s  by high- 

t h e s z  spectrographs have many o t h e r  uses, and have seldom been ass igned  
t o  p l ane ta ry  s t u d i e s .  Also, i n  The case  o f  t h e  82-inch S t ruve  R e f l e c t o r  
o f  ?he McDonLld Observatory, t h e  l a c k  o f  assignment t o  p l ane ta ry  spec t ro-  
scopy i n  t h e  p a s t  had sterrned la rge ly  f r o m  ins t rumen ta l  inadequacies .  

- 7   solution 7 spectroscopy. I n  ? a r t i c u l a r ,  t h e  t e l e scopes  a s s o c i a t e d  wi th  

The p r i n c i p a l  purposes of t h i s  c o n t r a c t  were t o  c o r r e c t  t h e  
p r o b i x ? s  a s soc ia t ed  wi th  t h e  exis-cing l a r g e  coude spec t rograph  of t h e  
t e l e scope ,  t o  add c e r t a i n  a u x i l i a r y  instruments  t o  it, and t o  demonstrate 
i t s  improved capab i l i cy  for p l a x t z r y  work i n  p repa ra t ion  f o r  obse rva t ions  
o f  Xai-s and o t h e r  p l ane t s .  

During t h e  two i n i t i a l  K-SA-funued yea r s  of  t h e  c o n t r a c t ,  and t h e  
t h i r 2 - y e a r  ex tens ion  a t  no & d d i x i o n a l  c o s t  t o  NASA, s i g n i f i c a n t  a d d i t i o n a l  
Unive;.sity con t r ibu r ions  of r.ian,;ouier and funds  made it p o s s i b l e  t o  complete 
t h e  e s s e n t i a l  schedule of work even L-hough c o s t s  proved somewhat g r e a t e r  
t han  es t imated  i n  t h e  o r i g i n a l  2 r o p o s a i .  

. ,  I n  t h i s  f i x 1  re?o r t ,  CCL? p r i n c i p a l  t r o u b l e s  t o  be c o r r e c t e d  and 
t h e  actions t aken  2i-e I~:i*:i-y -” ;,cvieweZ, - foliowed by a summary o f  i n i t i a l  
results achieved wi th  c?,z IC:.! ssectrograph and accesso r i e s .  

1. Specsrograph placement a d  canfiguyEtion. 

Seve ra l  o f  -die b a s i c  pinc3ic3ns wi th  the  spec t rograph  a r o s e  from 
compromises forced  on i t s  o r i z i n a l  desip f i f t e e n  yea r s  ago by t h e  
exccss ive ly  s n a l l  budget available to D r .  \:I. A .  H i l t n e r ,  i t s  des igner .  
In pm-iricular t h e  space i i l t o  which t h 2  i n s t r u n e n t  could be  f i t t e d  w a s  
sha rp ly  r e s t r i c t e d  t o  a t en- foot  l e n g t h  between t h e  south p i e r  o f  t h e  
62-inch r e f l e c t o r  and an open s t r i p  four f e e t  s h o r t  o f  t h e  sou th  dome 
wal l - - the  s - s i p  being reserved  for t r a v e l  of a s ta i r  r o t a t i n g  wi th  t h e  
6c2y.e. I n  o r d e r  -KO have t h e  l m g e s - k  p o s s l b l e  spectrograph,  s h o r t  of 
i -ebui l j ing  SGKZ _nortions of t h e  done, t h e  en t rance  s l i t  assembly w a s  
s e t  rT$t agains-2 -:he massive sauth p i e r ,  L e z v i q  only about a fou r -  

c on? c : ~  is o n  s 3 LZT 2 ;, zz< zcin.i 0 systems; i-iy:is a eme3-c r e q u i r e d  pre- 
s l i t  qz;>c-,(33---; iio;;a-Lolos t o  almost completely i n -  
a c c e s s i b i e  2 0 - ~ . ~ :  e l y i a g  w i t h i n  -t e south  p i e r .  

ir,.ch srizce c.7’11 ..LAAc-: - t o  p lace  or gain access  tc ths s l i t ,  f i l t e r s ,  
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I V .  E11trnilce S 1 . i t  Assemblies 

i n  view o f  t h e  inadequate space of t h e  o l d e r  spectrograph 
arrangement, t h e r e  was e s s e n t i a l l y  no equipment a t  t h e  s l i t  o f  t h e  
spectrograph. Af te r  moving t h e  spectrograph, it became poss ib l e  t o  
u t i l i z e  the  space of near ly  three feet between t h e  concre t  south p i e r  
ef t h e  t e l e scepe  and t h e  spectrograph s l i t .  PI l a r g e  new s l i t  p l a t e  
and an equipment base were prepared, with T - s l o t s  f o r  mounting a u x i l i a r y  
equipment. F i t t e d  t o  these  p l a t e s  a r e  now: 

a.  A quick change mechanism t o  remove and r e i n s e r t  t h e  s l i t  i t s e l f  
b. A n  .image r o t a t o r  
c .  An improved guiding system 
d. An improved comparison source  input  system 
e .  A new f i l t e r  holder  
f .  Attachments f o r  var ious  planetary cameras 

These changes have helped t o  make t h e  coude spectrograph so  easy 
and e f f i c i e n t  t o  use t h a t  t h e  te lescope i s  now a t  t h i s  conf igu ra t ion  
n e a r l y  ha l f  t h e  time, i n s t ead  o f  r a r e l y  a s  before ;  s t i l l  o the r  forms o f  
obse rva t iona l  equipment a r e  being designed t o  u t i l i z e  t h e  space provided. 

V. I n t e r n a l  Changes 

The spectrograph i n  irs o l d w  l o r n  w a s  r e l a z l v e l y  i n e f f i c i e n t  
because it had a remarkably m a l l  collLmailed beam f o r  a C G ~ G ~  spectrograph 
(only t h r e e  and a h a l f  inches) ,  and because only a s i n g l e  and r e l a t i v e l y  
o l d  g r a t i n g  was ava i l ab le .  Both the s?eed and t h e  r e s o l u t i o n  o f  t h e  
instrument could be sharply increased by en larg ing  t h e  s i z e  o f  The c o l l i -  
mated beam and by providir;  i widcr range of g ra t ings .  For  these changes 
t o  be possible ,  t h e  steil-  5s-.;e o f  the spectrograph had t o  be r e b u i l t .  
i n  p a r t i c u l a r ,  it was x c e s s a r y  € o r  (l] t h e  r a i l s  t o  be exrended, (2) new 
S U p p G Y t  po in t s  t o  be SLIovided, ( 3 )  some of t h e  i n t e r n a l  frame t o  be 
removed and o t h e r  c l e x n t s  added t o  provide the space f o r  t h e  new 
col l imator ,  (4) t he  grat ing-holder  assembiy t o  be removed and r e b u i l t  
to permit use of la2ger  g ra t ings  and r e l a t i v e  easy change of them, and 
(5) t h e  o p t i c s  t o  be removed i n  order t o  open out  t h e  ho lders  f o r  t h e  
Schmidt cameras t o  permit tne  passage o f  t h e  new f ive-and-a-half  inch 
c o 11 ima t ed be am. 

The changes connected with t h e  g r a t i n g s  were c a r r i e d  out  by e a r l y  
1965 ,  and t h r e e  exce l l en t  n2w 6 by 8-inch Bausch and Lomb r e p l i c a  g r a t i n g s  
were i n s t a l l e d .  The spectrograph w a s  used i n  t h i s  form f o r  a b i t  more then  
a year,  u n t i l  t h e  summer of  1 9 6 6  when the  o t h e r  i n t e r n a l  changes were 
executed. i n  p a r t i c u l a r ,  t h e  new and l a r g e r  o f f - a x i s  co l l ima to r  w a s  
f a b r i c a t e d  i n  t h e  o p r i c a l  s h o p  of t h e  Lunar and Plane tary  Laboratory, 
and t h e  o t h e r  changes were made i n  t h e  spectrograph as o u t l i n e d  above. 
These d i d  r e s u l t  i n  t h e  expected near-doubling of speed and of  r e s o l u t i o n .  
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V I .  Coude Scanner 

Dr. Robert Tu11 designed and saw t o  t h e  cons t ruc t ion  and 
irlstallatioi-l  of t h e  rlei)j co-u& sczL-ii-,ei;, as i7epoyted iTi d e t a i l  ji-, a 
previous Q u a r t e r l y  Report. This  involved cons t ruc t ion  of a substan- 
t i a l  mechanical bracke t  system within t h e  spectrograph, and t h e  
i n s t a l l a t i o n  of a device t o  s e l e c t  through e x i t  s l o t s  a po r t ion  o f  
t h e  h ighes t -d ispers ion  spectrum produced by t h e  camera, with an 
o p t i c a l  t r a i n  producing a scanned beam as l i t t l e  as a f r a c t i o n  of 
an angstrom i n  wave-length range, t o  be compared simultaneously 
a g a i n s t  a wider po r t ion  of t h e  spectrum using another  photocel l .  
I n  order  t o  avoid t h e  no i se  produced by Cerenkov f l a s h e s  i n  a g l a s s  
or quar t z  scanning tube (as i s  the case  with t h e  M t .  Wilson coude 
scanner of Oke), a mirror arrangement produces t h e  scanning mode 
over t h e  r e l a t i v e l y  s h o r t  wave-length range t o  be s tud ied  with 
t h i s  high-dispers ion scanner during each observa t iona l  run. The 
scanner  is  i n  p r i n c i p l e  capableof working i n  t h e  i n f r a r e d  a s  wel l  as 
a t  s h o r t e r  wave lengths ,  although t h e  necessary cool ing arrangements 
for t h e  i n f r a r e d  c e l l s  a r e  no t  yet  convenient. 

The scanner works wel l  with a sing13 .i?put s l i t ,  bu t  is  
r e l a t i v e l y  slow in t h i s  co,?figuration because s o  l i t t l e  l i g h t  e n t e r s  
t h e  s l i t  i n  t h e  h igh- reso lu t ion  mode. A Bowen-type image s l i c e r  has 
been constructed,  bu t  t h i s  design o f  t h e  s l i c e r  has  l e d  to d i f f i c u l t i e s  
which only now a r e  becoming f u l l y  c l e a r ,  stemrning from t h e  f a c t  t h a t  
t h e  Bowen s l i c e r  produces a s l i g h t l y  d i f f e r e n t  primary f o c a l  p o s i t i o n  
for each of t h e  broken-up s l i t  elements, sharp ly  decreasing t h e  through- 
put of l i g h t  for a narrow s l i t .  
s i g n i f i c a n t l y  d i f f e r e n t  por t ions  of t h e  photocathode, rendering t h e  e n t i r e  
system remarkably s e n s i t i v e  to see ing  and guiding vagar ies .  
working along s e v e r a l  l i n e s  t o  make t h e  scanning system more e f f i c i e n t ,  
and be l i eves  t h a t  b e t t e r  than an order  of magnitude improvement should 
be  poss ib le .  

The present  system a l s o  images them onto 

Tu11 is  now 

V I I .  Image Tubes 

I n  t h e  summer of 1 9 6 6  arrangements were b u i l t  i n t o  t h e  coude 
frame t o  permit t he  mounting of an image tube a t  t h e  A-camera focus, 
t h e  l i g h t  being r e f l e c t e d  i n t o  the  image tube though a 45" mir ror  
blocking on;:! a small  p a r t  of t h e  co l l imated  beam. 
t i o n  d i f f  i c t i i t i e s ,  t h e  Carnegie-RCA image tube arrangements have been 
very successfu l .  I n  t h e  b lue  (S-20 cathode),  they produce about t e n  
t imes s h o r t e r  exposures then is  t r u e  for The f a s t e s t  photographic 
p l a t e s ,  bu-c t h e  r e s o l u t i o n  is  down by a f a c t o r  o f  t h ree ,  meaning t h a t  
a camera wi th  s h o r t e r  f o c a l  length  could be used t o  record  t h e  same 
information i n  about one-tenth the  time, thus l a r g e l y  n u l l i f y i n g  t h e  
speed gain  of  t h e  tube.  But a s  image tubes with b e t t e r  r e s o l u t i o n  
become a v a i l a b l e  they w i l l  take over from photography the  recording 
of  h igh-d ispers ion  coude spec t ra ,  a t  l e a s t  aver  l imi t ed  s p e c t r a l  
reg ions .  The same genera l  s ta tements  a r e  true f o r  an SL ( i n f r a r e d  
s e n s i t i v e )  image tube obzained i n  t h e  s p r i n g  of 1967 €01. q e  s p e c t r a l  
reg ion  up through 9,000 A, but  from t h e r e  on up t o  1 3 , O O i )  A t h e  image 

Apart  from reso lu-  
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. I  

t & e  s t ands  i n  a c l a s s  by i t s e l f ,  i n  view of  t h e  extremely low quantum 

a v a i l z b i l i t y  beyond t h a t  l i m i t .  in p a r t i c u l a r ,  high-dispers ion i n f r a -  

12 ,000  fi f o r  t h e  f i r s t  time. Arrangemen-ps a r e  now being made t o  use  
t h e  inage tubes i n  t h e  interrnedizte-focus 3-camera, whlch should extend 
t h i s  i n f r a r e d  work t o  o b j e c t s  t e n  triines f a i n t e r  than blercury and Venus 
( e . g .  Mars). 
hss  been undertaken, which we ho2e w i l l  so lve  t h e  problem of  r e s o l u t i o n  
a t  least i n  t h e  blue.  

r) 8-7- - 
L,"" LUUL u y r l r L  C I I I U L a A " l l r ; l  " U L  L" LI, 009 11, and +hn;n L A ' G - L L  nnn- *."*I- ~ ; - ~ , - T , B T  n n r l r r  =f r > k n + r > r ~ ~ n ~ n ~ i m  m r n 7 7 7  c i n n c  n l r i  i n  - - 

L-LJ-LL*Li'L-Y 

;:l:o-kograyllic s~>,ectra P x ,  ;yprczi-y 2;;~; - .. have been obtained at 

I n  addi t ion ,  a separa te  image-tube development program 

V I I I .  PIisce1.Laneous 

Nany l e s s e r  assoc ia ted  improvmen-:s have been c a r r i e d  out  o r  
begun, inc luding  realuminiza-tion o f  t h e  o?"Jt.cs, pyovision of appropr i a t e  
s h i e l d i n g  f o r  var ious  c r i t i c a i  parts of -t:-.s 12zh-t beam,  add i t ion  o f  
a Har-tmann-screen arrangement fci" foc~;si:+;, p t c .  
c a r r i e d  ou t  has been the  improved call;:.... ,cLLIt~li  -1- slits; t hese  :./ere designed 
m d  submitted f o r  bids ,  b u t  all b i d s  1 

time permits,  a s u i t a b l e  device will 2:- 
shops, t o  use along with an improved .,_ L :S  h L ? w  which w i l l  :.mplcy 

._ 
A p r o j e c t  s o  far n o t  

eiurned f a r  t o o  high. When 
iy b2 cons t ruc tea  i n  o u r  own 

photoizetric c a l i b r a t i o n  s t r i p s  GL ei-iz-,ey s:;:;: - .  t h e  spectrci;ii. 

IX. Fu-rther Improvements Being Conslc 'cred :?;:? t h z  Spectroeraph S v s T e m  

An improved f i n d i n g  s y s t m  i s  --CJ AL.,edec! t o  rridie it e a s i e r  t o  w o ~ k  
on r e l a t i v e l y  f a i n t  ob jec t s .  

(-; -i - .  ~ !,os.:.., .d- .. ..: -L ,i :or tl coude observer  
t o  t a k e  advantage of mome;lts o f  m u s z 3 i L y  ZCLC s~eing to photogrz2h p l ane t s  
while guiding dur ing  spectpozzo2y. As x t e 2  &hove, s e v e r a l  o f  t h e  coude 
mi r ro r s  should be rez igme? ,  a w i n g  so.  in; ,-zrval when t h e  spectrograph 
is  R o t  o therwise i n  high de:x.-:i. T o  zake advantage of t h e  e lec t ronographic  
image tubes  which we hope t o  h ~ v e  wi th in  a year, wi th  r e s o l u t i o n s  h igher  
than  those  o f  photogiiaphic ?l~-:&s although with r a t h e r  small photocathodes, 
an e c h e l l e  d i spe r s ing  system is  probably r equ i r ed ;  some prelimary des ign  
work has been undertaken. PA Fabyy-Perot in te r fe rometer  i s  being designed 
f o r  t h e  input  s l i t  asserribly, t o  n&e poss ib le  ext-renely high r e s o l u t i o n  
s t u d i e s  of s p e c i f i c  s p e c t r a l  f e a k r e s .  
given t o  t h e  p o s s i b i l i t y  o f  b u i l d i n g  s t i l l  another extension t o  t h e  coude 
room t o  hoilse a s u b s t a n t i a l  inteyferorrieter along t h e  genera l  l i n e  of  the 
Connes'. Some o f  t hese  developments a r e  now being undertaken i n  a modest 
way by t h e  Univers i ty  or other sources;  s e v e r a i  o f  t hen  may become t h e  
s u b j e c t  o f  new reques t s  f o r  s u p p o r t .  

A s2mi-~--=o:::a-:-' ,IC p l a n e a r y  camera has been 
2csigl1ed and p a r t i a l l y  cons~tl_'rLc-c,+i;, j<& 0 -  

Serious cons ide ra t ion  has  been 

X. Resu l t s  Obtained with t h e  Improved Spectrogranh 

Almos'i. e n t i r e l y  as t h e  rssult or' t h e  U S A  su?>ort ,  permi t t ing  t h e s e  
t r u l y  na jo r  changes anu improvcrnenrs, it has become ' sorh poss ib l e  and 
s c i e n r i f i c a l l y  p r o f i t a b l e  t o  devore a s u b s t a n t i a l  i r rect ion of t h e  observing 
t ime of t h e  82-inch St ruve  r e f l e c t o r  10 p1anctai.y problems i n  1 9 6 5  and 1966,  
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XI. Financ ia l  R e p o r t  

'The f i n a l  b i l l i n g  f o r  t h i s  c o n t r a c t  i s  submitted 
Aud i to r ' s  Off ice  of The Universi ty  of Texas. 

t h e  



L I S T  OF PRINTS AND ILLUSTRATIONS 

1 and 2 

3 

4 

5 

6 

7 

8 

Opt ica l  improvement a t  coude focus 

Speed and r e s o l u t i o n  improvement a t  coude 
focus 

Ex te r io r  modifications,  showing por t ion  o f  
requi red  new catwalk, and new coude room 
( to  t h e  l e f t ,  behind t h e  t e l e scope  polar  
a x i s  gear) 

S l i t  a r ea  modif icat ions,  showing g r e a t l y  
increased access  space, new mounting p l a t e s ,  
new s l i t  assembly, image r o t a t e r ,  and f i l t e r  
holder  

Coude spectrograph i n t e r i o r  modi f ica t ions ;  
p a r t l y  v i s i b l e  a r e  one of t he  new g r a t i n g s  
and grat ing-holders ,  t h e  r e b u i l t  l i g h t -  
input  tube, t h e  opened-out Schmidt co r rec to r -  
p l a t e  holders,  and one of t h e  image tubes  
mounted a t  t h e  A-camera focus 

Coude spectrograph i n t e r i o r  modif i c a t i o n s ,  
showing the new p i t  and r a i l  extensions f o r  
t h e  spectrograph, t h e  remounted and re- 
aluminized A and B camera mirrors ,  and t h e  
S-1 image tube a t  t h e  A-camera focus 

Image tube s p e c t r a  of Venus--the f i r s t  t ime 
t h i s  i n f r a red  reg ion  has  become a v a i l a b l e  
t o  h igh- reso lu t ion  photographic spectroscopy 
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82-inch Coude + Barlow l e n s  

EFL: 153 meters x 4.9 enlargement o f  
Exposure: 1 .5  sec .  on T r i  X 

Saturn September 2 9 ,  1964 

negat ive 

Double Star 2 359; Separat ion p = OY49 

82-inch Coude + Barlow l e n s  

EFL: 153 meters x 1 2  enlargement of  negat ive 
Scale on t h i s  p r i n t :  1" = 9 mm 
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